This article deals with the investigation of the influence of topography and coastlines on the dynamics of the depth averaged Antarctic Circumpolar Current (ACC), driven by wind and atmospheric pressure. This is achieved with the help of a global barotropic circulation model, under idealized and real atmospheric conditions. It is shown that the variability of meridional mass fluxes due to the atmospheric conditions over the ACC can induce short-period density anomalies in the Southern Ocean to the north in the vicinity of 47 o S, which can be transferred to low latitudes by the wave mechanism 
Introduction
Stepanov and Hughes 2006, hereinafter referred to as SH06, with the help of a barotropic model, studied the influence of topography and coastlines on the depth-averaged dynamics of the wind-driven Antarctic Circumpolar Current (ACC). They showed that there is a mass exchange between the Atlantic, Southern Ocean and Pacific basins both at short and long periods (~5 days and 30-100 days respectively). This exchange takes place with the global adjustment process at time scale about 30 days. The reason for the main exchange between the Southern Ocean and the Pacific is related to the balance of wind stress by form stress (a pressure difference across topographic obstacles) in Drake Passage. According to SH06, there are three major regions (the Drake Passage region, Kerguelan Plateau and the Pacific-Antarctic Rise) in the Southern Ocean that are responsible for approximately 65% of total form stress on the ACC; Drake Passage is the most significant topographic feature, accounting for about 30% of the total form stress. These three regions are shaded on figure 1. Eastward wind stress results in reduced bottom pressure adjacent to Antarctica, but at the same time, the form stress required to balance the wind stress results in greater bottom pressure on the western side of some topographic obstacle than on its eastern side. This together with the atmospheric forcing fluctuations over the ACC can result in to some meridional mass transport variability near bottom ridges and generate associated pressure or density (especially in the vicinity of a global front extending around the Southern Ocean) anomalies.
These signals due to topographic obstacles can be transmitted to more northern latitudes by the mechanism described by paper (Ivchenko et al. 2004 , henceforth IZD04). They showed that signals due to salinity anomalies generated near to Antarctica can propagate almost without changes of disturbance amplitude in the form of fast-moving barotropic Rossby waves.
Such waves propagate from Drake Passage (where the ACC is constricted to its narrowest The authors SH06 demonstrated also from idealized experiments that the Pacific response to Southern Ocean wind stress is close to the equilibrium response at periods longer than 30 days with a significant phase lag between them, although this response is more complicated at higher frequencies, suggestive of the excitation of free modes (that is strongly associated with closed f/H contours around Antarctica, where f is the Coriolis parameter and H is the ocean depth) at periods shorter than about 10 days.
Thus, the mass exchange between the Southern Ocean and the Pacific at time scale of about 1-3 months, which is due to an association between the SAM and the form stress, can produce some short-period meridional flux variability in each sector of the Southern Ocean. This article considers the plausible distribution of this variability in the Southern Ocean due to the joint effect of topography, coastlines, wind and atmospheric pressure over the ACC. This variability leads to the appearance of some barotropic signal (due to either direct mass variability or via density anomalies) initiating barotropic wave propagation to the tropics. If barotropic waves are appeared then they can produce an amplified baroclinic response at the equator at least by means of two mechanisms. The first is a resonant interaction of the barotropic waves with baroclinic modes at the equator (Reznik and Zeitlin 2006) . The second is that the barotropic adjustment process leads to currents along the continental slope which excite baroclinic modes by advection of density gradients; advection processes initiated by barotropic signal can be also substantial in the equatorial oceanic thermocline (that due to the propagation of internal Kelvin waves, see, e.g., Blaker et al. 2006) . Therefore some correlation between short-period meridional flux variability in the Southern Ocean and the tropical variability should be observed in reality that will be considered by the paper too.
The meridional fluxes used in our analysis were obtained using a 1-degree resolution global barotropic model Hughes and Stepanov 2004) . These fluxes can result in the appearance of some short-period pressure or density anomalies in the Southern Ocean. How might the results of a barotropic model be analyzed to interpret the appearance of density anomalies in the real Southern Ocean? Figure 2 show "schematic profile" of the zonal average meridional component of the velocity at some latitude ϕ in the Southern Ocean that could be obtained from the thermohaline circulation pattern. The meridional velocity is directed poleward in the upper thermocline, while lower water masses are moving equatorward. The value V o on the figure denotes the depth averaged meridional velocity, i.e., the barotropic constituent, which can vary depending on the atmospheric conditions. Willebrand et el. 1980 , have shown from measurements that for time scales 10-300 days the ocean response to the applied external forcing (e.g., the wind stress) is barotropic, so the processes with time scale of a few months should be properly described by a barotropic 
Method and Results
The transport processes in the Southern Ocean were studied with the help of a 
Model results for idealized forcings
The oscillations of meridional fluxes at all latitudes arise with dominant frequency corresponding to the period of T os . More detail analysis shows that there are also weak oscillations with frequencies at three times the frequency of the external force due to the quadratic dependence of wind stress upon a wind speed that provides an excitation at this frequency. They have amplitudes about or less than 1/3 of those at period T os and the dependence of amplitudes and phase for these oscillations upon period T os is similar to the ones of main oscillations. fig. 7 also, that are due to long duration of these events (2-4 years).
Model results for real forcings

Climate application of model results
It is well known that climate anomalies like ENSO
The above described correlation can be explained by the coupled interaction of the tropics and the Southern Ocean. Upper ocean warming (cooling) in the tropics (that, e.g., could be associated with a seasonal cycle) leads to an enhanced (decreased) heating in the upper troposphere over the tropical ascending region in the Pacific. It means warmer (colder) air is transferred by the Hadley cell from the tropics to the descending regions in the subtropics that slows down (speeds up) here the atmospheric downwelling which then weakens (strengthens) wind over the Southern Ocean (the case of a low (high) SAM index). As we saw earlier in this paper, the weak (strong) wind over the Southern Ocean is associated with equatorward (poleward) mass flux in the Southern Ocean to the north in the vicinity of 47 o S that, as we see from figure 7, leads to the amplification of an ENSO signal.
The interaction between the tropics and the Southern Ocean depends on the stochastic processes of ocean-atmospheric interactions in these regions. A substantial role in these stochastic processes, as we see from figure 7, is due to the mass flux variability in the Southern
Ocean associated with the changes in atmospheric forcings over the ACC, and would the interaction between the tropics and high latitudes lead to the ENSO event or usual seasonal variability, depends on the processes in the Southern Ocean.
The lag 4-6 months between the variability of M P (t) and NINO4-index in the period of a boreal winter-spring season seen in figure 7 agrees with the time estimate from IZD04 needed for temperature/salinity anomalies from the Southern Ocean to reach low latitudes by means of barotropic wave mechanism. As was mentioned above, the maximum development of warm or cold ENSO events usually occur in the winter calendar months, so relying on the time estimate of 4-6 months the mass variability M P (t) for the period from July to September need to be analysed. anomalies (the recharge-discharge oscillator model, though the recharge-discharge model includes the delayed oscillator as a particular case and both classes could be attributed to the subsurface memory paradigm). The third class characterizing by a relatively quick development of ENSO events (less than 9 months after the changes of the above mentioned plausible exciting forcings) was not be considered by authors because no explanations of some plausible mechanisms for such events were proposed before, and this paper is the first attempt to present the plausible mechanism for such rapid ENSO events.
Summary
The variability of meridional mass fluxes which depends on the wind and atmospheric A quadratic bottom friction law with coefficient of proportionality of ε approximates the bottom friction in the model. Finally, the value of the bottom friction in the model is modulated by gradient of the bottom topography ∇H through the dimensionless coefficient χ. This coefficient results from the integration of the horizontal viscosity term of the initial three dimension momentum equations and effect described by this term can be substantial on a coarse model grid.
The system of the momentum equations of the barotropic model should be completed by the lateral boundary condition: u = v = 0.
The following parameters of model were used in model runs: ε = 0.03; A M = 5×10 
